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ABSTRACT 

Two methods of measuring range with a single Surveyor 
TV camera by using special aperture masks in front of the lens 
are described in this paper. The aperture masks, which could be 
mounted in the camera filter mechanism, allow light to enter only 
certain parts of the lens. The masks can be designed to increase 
the accuracy of the current range measuring technique or to pro- 
duce a special image which is the basis of a new range measuring 
technique. 

The first method uses a mask which admits light only 
through sector shaped openings on opposite sides of the lens. 
This mask reduzcs the dzptl-i of i’ieid of the lens. It would be 
used when measuring range by the focus-ranging technique, since 
the accuracy of focus-ranging increases as depth of field is 
reduced. 

The second method uses a mask which admits light 
through two slits in f r o n t  of t h e  l e n s .  TIL<-. 11113 -- I I I ~ S ~  praoduces double 
images which are separated by distances inversely proportional to 
range. By measuring the separation distance on the picture, the 
range to objects in the field of view can be calculated from a 
simple formula. 
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I .  I n t r o d u c t i o n  

Focus- ranging  i s  one method p roposed  f o r  r a n g e  measure-  
ment w i t h  a s i n g l e  Surveyor  TV camera.  O b j e c t s  i n  f o c u s  i n  t h e  
p i c t u r e  a re  c o n s i d e r e d  t o  be a t  t h e  r a n g e  i n d i c a t e d  by t h e  l e n s  
f o c u s - d i s t a n c e  s e t t i n g .  T h i s  t e c h n i q u e  has two i m p o r t a n t  l i m i t a -  
t i o n s :  

(1) i t  g i v e s  no  p o s i t i v e  i n f o r m a t i o n  abou t  t h e  r a n g e  o f  
o b j e c t s  which are  not  i n  f o c u s ;  t h e r e f o r e ,  a s e r i e s  of 
p i c t u r e s  a t  v a r i o u s  f o c u s  s e t t i n g s  i s  needed  t o  e s t a b l i s h  
t h e  r a n g e  o f  a l l  t h e  o b j e c t s  i n  t h e  f i e l d  o f  view; 

( 2 )  i t  r e q u i r e s  t h a t  t h e  l a r g e s t  l e n s  open ing  (F /4 )  be used  
t o  l i m i t  t h e  d e p t h  of  f i e l d  enough t o  p r o v i d e  r e a s o n a b l e  
r a n g e  measu r ing  a c c u r a c y ;  t h e r e f o r e ,  a l i g h t  r e d u c i n g  
f i l t e r  i s  n e c e s s a r y  t o  p r e v e n t  o v e r  exposure  w i t h  b r i g h t  
s u b j e c t s .  

F i l t e r s  a re  p rov ided  on t h e  Surveyor  TV camera f o r  c o l o r -  
i m e t r i c  and p o l a r i m e t r i c  measurements .  These f i l t e r s  can h e  
p l a c e d  i n  f r o n t  o f  t h e  l e n s  by e a r t h  command, and c o u l d  be  used  
t o  r e d u c e  t h e  l i g h t  e n t e r i n g  t h e  l e n s  so t h a t  f o c u s - r a n g i n g  
measurements  c o u l d  be  made of b r i g h t  s u b j e c t s .  However, t h e s e  
f i l t e r s  u n i f o r m l y  a t t e n u a t e  t h e  l i g h t  e n t e r i n g  t h e  l e n s  a p e r t u r e ,  
and  t h e  p o s s i b i l i t y  o f  d e s i g n i n g  a s p e c i a l  " f i l t e r "  which i n c r e a s e s  
t h e  c a p a b i l i t y  of  f o c u s - r a n g i n g  by s e l e c t i v e l y  a t t e n u a t i n g  or 
b l o c k i n g  l i g h t  r a y s  e n t e r i n g  d i f f e r e n t  p a r t s  o f  t h e  l e n s  s u g g e s t s  
i t s e l f .  Two a p p l i c a t i o n s  o f  such  r a n g i n g  f i l t e r s  or masks are  
c o n s i d e r e d  i n  t h i s  p a p e r .  

11. E f f e c t s  o f  Lens ADerture  Ma.sks 

Except  f o r  t h e  e f f e c t s  o f  d i f f r a c t i o n  and l e n s  abberra- 
t i o n s ,  l i g h t  from a p o i n t  on a s u b j e c t  i n  f o c u s  f a l l s  on a s i n g l e  
p o i n t  an t h e  l i g h t  s e n s i t i v e  s u r f a c e  of  t h e  camera.  I f  t h e  s u b j e c t  
i s  o u t  o f  f o c u s ,  t h e  l i g h t  from a s i n g l e  p o i n t  i s  s p r e a d  over a 
small  " c i r c l e  of  c o n f u s i o n "  - p r o v i d e d  t h a t  t h e  l e n s  a p e r t u r e  i s  
c i r c u l a r .  I f  an opaque sec tor -mask ,  shown i n  F i g u r e  1, i s  p l a c e d  
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i n  f r o n t  of  t h e  l e n s ,  t h e  c i r c l e  o f  c o n f u s i o n  w i l l  b e  broken  
up i n t o  two l l s e c t o r s  o f  confus ion"  c o r r e s p o n d i n g  to t h e  
uncovered  s e c t o r s  of t h e  l e n s .  Out -of - focus  images formed 
from these  doub le  s e c t o r s  o f  c o n f u s i o n  would p r o b a b l y  a p p e a r  
more o u t  o f  f o c u s  t h a n  images formed b y  c i r c l e s  o f  c o n f u s i o n  
s i n c e  t h e  b e s t  image-forming r a y s  t h r o u g h  t h e  c e n t e r  of  t h e  
l e n s  are b l o c k e d .  The l i g h t  f rom o b j e c t s  which a r e  i n  f o c u s  
would s t i l l  b e  c o r r e c t l y  focused  on t h e  l i g h t  s e n s i t i v e  s u r f a c e .  
The e f f e c t  would be to r educe  t h e  d e p t h  of  f i e l d  of  t h e  l e n s .  

S i n c e  r e d u c i n g  t h e  d e p t h  o f  f i e l d  o f  t h e  l . ens  p r o p o r -  
t i o n a l l y  i n c r e a s e s  t h e  accu racy  o f  f o c u s - r a n g i n g ,  t h e  s e c t o r -  
mask s h o u l d  be used  d u r i n g  focus - rang ing  whenever enough l i g h t  
i s  a v a i l a b l e  to p r o p e r l y  expose t h e  v i d i c o n .  Focus- ranging  f o r  
d i m  s u b j e c t s  would have t o  be pe r fo rmed  w i t h o u t  b e n e f i t  o f  t h e  
sec to r -mask  because  of  t h e  l a r g e  amount o f  l i g h t  i t  o b s c u r e s .  

A d i f f e r e n t  s i n g l e  camera r a n g e  measu r ing  t e c h n i q u e  
i s  b a s e d  on t h e  doub le  image produced  by t h e  sl i t-mask shown i n  
F i g u r e  2 .  I f  t h e  camera l e n s  i s  f o c u s e d  a t  i n f i n i t y ,  o n l y  l i g h t  
r a y s  f rom o b j e c t s  a t  i n f i n i t y  w i l l  converge  on t h e  l i g h t  s e n s i t i v e  
s u r f a c e .  L i g h t  r ays  from o b j e c t s  c l o s e r  to t h e  camera w i l l  f a l l  
on two separate  s p o t s  on t h e  l i g h t  s e n s i t i v e  s u r f a c e ,  as shown 
i n  F i g u r e  3 .  S i n c e  t h e  s l i t s  a re  na r row compared t o  t h e  d i a m e t e r  
o f  t h e  l e n s ,  doub le  images which are  w e l l  d e f i n e d  i n  the d i r e c t i o n  
p e r p e n d i c u l a r  t o  t h e  s l i t s  a r e  formed on t h e  l i g h t - s e n s i t i v e  s u r -  
f a c e .  The d i s t a n c e  between these images is  i n v e r s e l y  p r o p o r t i o n a l  
to r a n g e .  T h i s  p r o v i d e s  a means o f  measu r ing  r ange  t o  a l l  o b j e c t s  
i n  t h e  f i e l d  o f  view w i t h  one p h o t o g r a p h .  

The s e p a r a t i o n  o f  t h e  images and an  e s t i m a t e  o f  t h e  r a n g e  
, . m n  of pis c ? . m l ^ u . :  -..- - A -  l-.- c - 1 1 -  A P --A- C L ^  A - . . L l  a L L u 1 . d ~  y ~ C L I I I I I ~ U C  ~ a i i  u c  I U U I I U  I I . U I I I  CI I IC U U U U L ~  image i-aji 
geometry  of F i g u r e  3 .  The d i s t a n c e s  shown a re :  

S = t h e  r a n g e  o f  t h e  s u b j e c t  

S' = t h e  image d i s t a n c e  o f  t h e  s u b j e c t  

f = t h e  l e n s  f o c a l  l e n g t h  

b = t h e  s l i t  s e p a r a t i o n  

e = t h e  doub le  image s e p a r a t i o n  

From s imi la r  t r i a n g l e s :  

f 1 - -  e - S ' - f  - 
b S '  S '  
- _ - -  
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From t h e  image d i s t a n c e  f o r m u l a :  

f -  f o r 1 - -  - -  S '  s 
f b  
S 

e = -  Sub s t  i t u t  i n g  : 

f b  o r S = -  e 

- 3 -  

( 3 )  

The r a n g e  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s e p a r a t i o n  
o f  t h e  doub le  images ,  w i t h  t h e  c o n s t a n t  o f  p r o p o r t i o n a l i t y  b e i n g  
t h e  p r o d u c t  of f o c a l  l e n g t h  and slit s e p a r a t i o n ,  I f  f and b a re  
known a c c u r a t e l y ,  t h e  r a n g e  error depends  on t h e  a c c u r a c y  to 
which t h e  image s e p a r a t i o n  can be measured and t h e  r a n g e  of t h e  
s u b j e c t  . 

R e l a t i v e  r ange  e r r o r  i s  p r o p o r t i o n a l  to r a n g e  and image s e p a r a t i o n  
measu r ing  e r r o r .  Assuming t h e  a c c u r a c y  o f  measu r ing  image 
s e p a r a t i o n  i s  l i m i t e d  o n l y  b y  t h e  s i z e  o f  t h e  Surveyor  TV 
r e s o l u t i o n  e lement  (.025mm), and t h a t  t h e  s l i t  s p a c i n g  i s  2 0 m m  
w i t h  t h e  l O O m m  f o c a l  l e n g t h  l e n s ,  t h e  r e l a t i v e  r a n g e  e r r o r  i s :  

= 0.0125s S 

wilere S i s  t h e  r a n g e  i n  meters .  

Focus- ranging  a c c u r a c y  ( a t  F/4 w i t h o u t  an  a p e r t u r e  mask)  
has been e s t i m a t e d *  to b e :  

- -  As - 0.0073S 
S 

*"Measuring Range from Surveyor  Camera Focus S e t t i n g s " ,  
P .  L .  Chandeysson, Bellcomm Memorandum For F i l e ,  September  1 6 ,  1 9 6 5 .  
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The expected accuracy of the double image technique is only about 
half that of the focus-ranging technique. However, all range 
information is obtained from a single picture, and the range 
accuracy does not depend on the calibration of the focus distance 
telemetry system. The operational advantages of double image 
ranging, particularly as a preliminary step for focus-ranging, 
are evident. 

111. Demonstration of Aperture Mask Effects 

To demonstrate that lens aperture masks produce the 
effects described in the preceding section, an experiment was 
performed using a film camera to simulate the Surveyor TV camera, 
Some care was taken to simulate the image quality of the TV 
camera; angular field of view and angular resolution were reproduced, 
and a low contrast subject and processing were used to reduce the 
tonal range of the prints. The limitations of this experiment 
are recognized; however, the r e s u l t s  are interpreted as indicating 
that aperture masks may be useful for range measurement with the 
Survey TV camera. 

A camera equipped with a 127mm, F/4.5 lens was used. 
This is similar in size and speed to the 100mm, F/4.0 lens of the 
Surveyor TV camera. Photographs were taken on fast panchromatic 
film, fine grain developed t o  a gamma of 0.7 and enlarged 6 
diameters. The subject was a series of bricks standing on a grassy 
slope shown in Figure 4. The closest brick, of which only the 
top is visible, is at 20 feet; the succeeding bricks are at 25, 
30,  and 40 feet. A black bar resolution chart was placed at 33- 
l/3 feet, At this distance, the bars subtend the angles indicated 
in Figure 5* Figure 4, which was taken with the lens stopped 
down, indicates the angular resolution of these phOtOg??aphS is 
approximately 114 milliradian - equal to the specified angular 
resolution of the Surveyor TV system with the lens focal length 
set to 100mm. 

To demonstrate that the sector-mask reduces depth of 
bancii W I L I I  bile 1 ~ 1 1 3  L U L U ~ C ~  ~ i i  2 I UUl lU 

white rock at 27 feet, and stopped open to F/4.5. The depth of 
field in this picture, Figure 6, was calculated to extend from 
25 to 30 feet. The bricks at 25 and 30 feet appear in focus, 
and the brick at 20 feet and the resolution chart at 33-1/3 feet 
are slightly out of focus. With the sector-mask in place, the 
depth of field is reduced, Figure 7. No quantitative estimate 
of the reduction was made, but the result is evident. 

fieid, a p~iotog17aph was G - 1 - n . -  * * 2 4 l -  CL. 1 ^-I c __..-_ 
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To demonstrate that the slit-mask produces double 
images whose separation is inversely proportional to range, 
Figure 8 was taken with the lens focused at infinity, stopped 
open to F/4.5, and a slit-mask in front of the lens. The 
measured distance between the slits was 22.2mm. According 
to equation 3, the range can be calculated as S = -, where 
S is in feet and e is in mm, e 

The distances between the double images shown in Figure 8 
were measured with a scale under a low powered magnifier. The 
results are shown in the following table. 

Brick 

Resolution I 

I Distance I Image Separation I Measured Distance 

40 

3 3 . 3  

1.4 

1.8 

40 

31 

I 25 I I I 

IV. Conclusion and Recommendation -- - _I_y_ - 
The use of lens aperture masks has been shown to produce 

effects which  may he 1 1 s ~ f i i l  i n  measur ing  r ange  with a s i n g l e  
Surveyor TV camera. A sector-mask was shown to reduce depth of 
field, thereby increasing the accuracy of focus-ranging. A slit- 
mask produces double images from which the range of objects can 
be measured directly. The effectiveness and applicability of 
these techniques should be investigated further if it is desired 
to make maximum use of a single TV camera on Surveyor. 

1012-PLC-csh 
P d d m  

P. L. Chandeysson 

Attachment 
Figures 1 thru 8 
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Figure 4 
F/11, 1/80 Sec., No Mask 
FOCUS at 33 1/3 ft. 

Figure 6 
F/4.5, 1/500 Set., No Mask 
FOCUS at 27 ft. 

Figure 7 Figure 8 
F/4.5, 1/80 Sec., Sector-Mask 
Focus at 27 ft. ’ Focus at  Infinity 

T/4.5, 1 /40 Sec., Slit-Mask 
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